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DQJOHVRI+65Vߠ௛RI0*DQG0*DUHRDQGR UHVSHFWLYHO\ 6LPLODUO\ E\ KROGLQJ WKH +65 VWLOO DWߠ௛ ൌ  ?௢ DQG URWDWLQJ WKH /65 ZLWK UHIHUHQFH RI WKH +65LQLWLDOSRVLWLRQWKHWRUTXHUHDFKHVLWVPD[LPXPYDOXHZKHQ
WKHFRUUHVSRQGLQJPHFKDQLFDODQJOHRI/65Vߠ௟ RI0*DQG0*DUHRDQGRUHVSHFWLYHO\,QIDFW
WKH DQJOH EHWZHHQ WKH +65 DQG /65 LV GHWHUPLQHG E\ WKH
DSSOLHGORDG,QRWKHUZRUGVZKHQQRORDGLVDSSOLHGRQWKH
RXWSXW VKDIW WKH UHODWLYHDQJOH LVDSSUR[LPDWHO\]HUR LI WKH
WRUTXHSURGXFHGE\WKHURWRUZHLJKWLVQHJOHFWHG0RUHRYHU
DV WKH ORDG LQFUHDVHV WKH UHODWLYH DQJOH LQFUHDVHV DQG WKH
WRUTXHUHDFKHVLWVPD[LPXPYDOXHZKHQWKHUHODWLYHDQJOHLV




HOHF GHJ 0RGH  )RU WKH SURSRVHG 0* WKH
PD[LPXPWRUTXHVIRU+65DQG/65DUHDSSUR[LPDWHO\




DQG /65 UHVSHFWLYHO\ LQ ZKLFK WKH JHDU UDWLR LV
DSSUR[LPDWHO\ ,Q DGGLWLRQ0* KDV PRUH WRUTXH
ULSSOHFRPSDUHGWR0*7KHHIIHFWRIPDFKLQHWRUTXH
ULSSOHFDQEHH[SODLQHGDQGSUHGLFWHGE\WKHFRJJLQJWRUTXH
IDFWRUܥ்  ZKLFK FDQ EH SUHVHQWHG E\ WKH IRUPXOD JLYHQ LQ>@ ܥ் ൌ ଶ௣ேೞ௅஼ெሺଶ௣ǡேೞሻ
ZKHUHܮܥܯሺ ?݌ǡ ௦ܰሻLV WKH OHDVW FRPPRQ PXOWLSOH EHWZHHQWKHQXPEHURIVWDWRUSROHVDQGWKHQXPEHURISROHVRIHLWKHU
+65 RU /65 7KH KLJKHUܥ் YDOXH LQGLFDWHV KLJKHU WRUTXHULSSOH YDOXH KRZHYHU WKH PLQLPXP YDOXH IRUܥ் LV XQLW\ZKLFK FRQVWLWXWHV D SURSHU VHOHFWLRQ IRU URWRU SROH SDLU





0RUHRYHU )LJ  VKRZV WKDW ZKHQ WKH UDWHG FXUUHQW LV
DSSOLHG WR WKH VWDWRU ZLQGLQJ WKH /65 WRUTXHV IRU ERWK
PDFKLQHV LQFUHDVH 0RGH  +RZHYHU WKH DYHUDJH +65
WRUTXH ZLOO QRW EH DIIHFWHG E\ DUPDWXUH UHDFWLRQ FXUUHQW
$FFRUGLQJWRRSHUDWLRQSULQFLSOHVRIV\QFKURQRXVPDFKLQHV
WKHGD[LVRIWKH/65IOX[LVDOLJQHGZLWKWKHSKDVH$SROH
DV VKRZQ LQ )LJ  7KHUHIRUH WKH DUPDWXUH ILHOG RQO\
LQWHUDFWV ZLWK WKH 30 ILHOG RI /65 ZKLFK UHVXOWV LQ H[WUD
WRUTXH DQG WRUTXH EHLQJ WUDQVIHUUHG IURP +65 GXH WR WKH
JHDULQJHIIHFW )LJVKRZV WKH UHODWLRQVKLSEHWZHHQ WKH
PDFKLQHDYHUDJHWRUTXHDQGWKHFXUUHQWDQJOHDWWKHRSWLPDO






30 IOX[ ,Q DGGLWLRQ E\ FKDQJLQJ WKH FXUUHQW DQJOH WR LWV
RSWLPDO YDOXH RI ? ?HOHF GHJ WKH DUPDWXUH FXUUHQW WRUTXH
ZLOO EH DGGHG WR +65 WRUTXH )XUWKHUPRUH DW PD[LPXP
WRUTXHH[HUWHGRQDVSHFLILFURWRUWKHDUPDWXUHUHDFWLRQHIIHFW
RQ WKHRWKHU URWRU VKRXOGEH]HUR ,QJHQHUDO WKHPDWFKLQJ
















7KH PDMRU IRUFH ZKLFK VKRXOG EH FRQVLGHUHG LQ WKH
PDFKLQHDQDO\VLVLVWKHDWWUDFWLYHIRUFHEHWZHHQWKHURWRU30V
DQG WKH VWDWRU FRUH WKH D[LDO IRUFH )LJ  FRPSDUHV WKH
D[LDOIRUFHVH[HUWHGRQWKHPDFKLQHURWRUVDWQRORDGDQGRQ










RQ WKH/65VDUHDSSUR[LPDWHO\ WKH VDPHDV WKDWDWQRORDG
FRQGLWLRQVLQFHWKHGD[LVRIWKH/65DQGWKHD[LVRISKDVH$






















D PDJQHW UHVLVWLYLW\ RI î P DUH DVVLJQHG WR WKH
PDJQHW )XUWKHUPRUH DW UDWHG URWRU VSHHGV DQG ZKHQ WKH
PHFKDQLFDOORVVLVLJQRUHGWKHHIILFLHQFLHVRIERWKWRSRORJLHV
DUHFDOFXODWHGDQGFRPSDUHG7DEOH,9FRPSDUHVWKHORVVHV
HIILFLHQFLHV DQG SRZHU IDFWRUV RI WKH WZR WRSRORJLHV ,W LV
HYLGHQWWKDWWKH30DQGLURQORVVHVDUHKLJKHULQ0*
VLQFHERWKWKHIOX[GHQVLW\DQGWKHRXWSXWWRUTXHDUHKLJKHU
























DOVR VXLWDEOH IRU RWKHU ORZ VSHHG KLJK WRUTXH DSSOLFDWLRQV
VXFK DV ZLQG SRZHU JHQHUDWLRQ >@ >@ )RU WKH PDFKLQH
PHQWLRQHGDERYHWKHRXWSXWSRZHUDWUDWHGVSHHGLVTXLWHORZ
VLQFHLWVRXWHUGLDPHWHULVYHU\VPDOO7KHUHIRUHWKHLQIOXHQFH
RI WKH PDFKLQH VL]H DQG WKH SRVVLELOLW\ IRU KLJKHU SRZHU
DSSOLFDWLRQVZLOOEHGLVFXVVHGLQ WKLV VXEVHFWLRQ)URPWKH
FRQYHQWLRQDO$)30PDFKLQHSRLQWRIYLHZLWLVHYLGHQWWKDW
WKHRXWHUGLDPHWHUKDVD VLJQLILFDQW LPSDFWRQ WKHPDFKLQH
WRUTXHSRZHU DW FRQVWDQW VSHHG VLQFH WKH\ DUH SURSRUWLRQDO
ZLWK WKH FXEH RI WKH RXWHU GLDPHWHU ܶ ן ܦைଷ  >@  ,QDGGLWLRQLWLVREYLRXVWKDWZLWKWKHLQFUHDVHRIWKHPDFKLQH
VL]H WKH RSWLPDO PRGXODU VORWURWRU SROH QXPEHU
FRPELQDWLRQ DQG JHRPHWULFDO VWUXFWXUH IRU ODUJHVW RXWSXW






FRUUHVSRQGLQJ PDFKLQH YROXPH DW GLIIHUHQW VFDOH IDFWRUV DW
WKHUDWHGVSHHGV,WLVFOHDUWKDWWKHPDFKLQHYROXPHOLQHDUO\
LQFUHDVHV ZLWK WKH VFDOH IDFWRU DQG SRZHU VLJQLILFDQWO\
LQFUHDVHVDVWKHPDFKLQHLVVFDOHGXS7KHUHIRUHDFFRUGLQJWR

















HVWDEOLVKHG DQG VLPXODWHG ZLWK WKH DLG RI ')( VRIWZDUH
7KHSURWRW\SHZDVWHVWHGDWQRORDGWRFDOFXODWHWKHFRJJLQJ
WRUTXHVWDWLF0*WRUTXHDQGEDFN(0)0RUHRYHUWKHRQ











3DUDPHWHU 9DOXH 3DUDPHWHU 9DOXH
+65SROHSDLUQRSK  /65SROHZLGWKPP 
/65SROHSDLUQRSO  /65SROHKHLJKWPP 
1RRIVWDWRUVORWQV  5RWRUVEDFNLURQWKLFNQHVVPP 
1RRIFRLOVSKDVH  6WDWRUSROHKHLJKWPP 
1RRIWXUQVSKDVH  &RLOGLDPHWHUPP 
$LUJDSZLGWKPP  :LQGLQJUHVLVWDQFHSKDVH 
$[LDOOHQJWKPP  :LQGLQJLQGXFWDQFHSKDVHP+ 
6WDWRU,'PP  3DFNLQJIDFWRU 
6WDWRU2'PP  0D[UDWHGFXUUHQW$ 
+65SROHWKLFNQHVVPP  *HDULQJUDWLR*U 
+65SROHZLGWKPP  0DJQHWPDWHULDO 16+
+65SROHKHLJKWPP  30UHPDQHQFH%U7 
/65SROHWKLFNQHVVPP  ,URQPDWHULDO 0LOGVWHHO
$ &RJJLQJWRUTXH
7KH LQGLYLGXDO FRJJLQJ WRUTXHV RI +65 DQG /65 ZHUH
ILUVWO\PHDVXUHGXWLOL]LQJWKHPHDVXULQJPHWKRGGHVFULEHGLQ
>@ DQGZLWK WKHDLGRI WKH WHVW ULJ VKRZQ LQ)LJ2QH
URWRUVKDIWZDVFRQQHFWHGWRDEDODQFHEHDPWRPHDVXUHWKH
IRUFH SURGXFHG E\ WKH SURWRW\SH ZLWK WKH DLG RI D GLJLWDO
ZHLJKWVFDOHZKLOH WKHRWKHUURWRUZDVDEOHWRIUHHO\URWDWH
7KH VWDWRU ZDV IL[HG WR WKH ODWKH PDFKLQH ZKLFK FRXOG EH
IUHHO\URWDWHGWRYDU\WKHURWRUSRVLWLRQ0RUHRYHUDSUHORDG
ZHLJKW ZDV ORFDWHG RQ WKH EHDP DERYH WKH GLJLWDO VFDOH WR
NHHSFRQWLQXRXVDWWDFKPHQWZLWK WKHGLJLWDO VFDOHZKHQ WKH
SRVLWLRQ ZDV FKDQJHG %\ FKDQJLQJ WKH VWDWRU DQJXODU
SRVLWLRQWKHFRJJLQJWRUTXHDWGLIIHUHQWURWRUSRVLWLRQVFRXOG
EHPHDVXUHGIRUHDFKURWRU
)LJ  VKRZV WKH PHDVXUHG DQGSUHGLFWHG/65 FRJJLQJ
WRUTXHV IRU WKH SURSRVHG PDJQHWLFDOO\ JHDUHG PDFKLQH
6LPLODUO\ )LJ  VKRZV WKH PHDVXUHG DQG SUHGLFWHG +65
FRJJLQJ WRUTXHV ,W LV REYLRXV WKDW WKH SUHGLFWHG FRJJLQJ
WRUTXHVRI/65DQG+65DUHUHODWLYHO\VPDOO0RUHRYHUVLQFH
WKH PDJQHW VKDSH KDV EHHQ FKDQJHG IRU PDQXIDFWXULQJ
FRQVLGHUDWLRQWKHPDFKLQHFRJJLQJWRUTXHLVH[SHFWHGWREH
FKDQJHG,WLVFOHDUWKDWXWLOL]LQJUHFWDQJXODUPDJQHWUHGXFHV
WKH /65 FRJJLQJ WRUTXH DPSOLWXGH ZKHUHDV WKH FRJJLQJ
WRUTXH RI WKH +65 LV VLJQLILFDQWO\ LQFUHDVHG E\ XWLOL]LQJ D







DQG SORWWHG LQ )LJ 7KH +65 ZDV GULYHQ E\ D  USP
SULPHPRYHUWKHUHIRUHDQDSSUR[LPDWHUSPLVPHDVXUHG
IRU WKH VSHHG RI /65 ,W VKRZV WKDW WKH PHDVXUHG DQG
SUHGLFWHGEDFN(0)DPSOLWXGHVDUHDSSUR[LPDWHO\9DQG
9 UHVSHFWLYHO\ LQ ZKLFK D JRRG YDOLGDWLRQ LV REWDLQHG
DQG WKHGLIIHUHQFHEHWZHHQ WKHPHDVXUHGDQG WKHSUHGLFWHG
(0) DPSOLWXGHV LV PDLQO\ DWWULEXWHG WR WKH PDQXIDFWXULQJ
LPSHUIHFWLRQ
& 1RORDGDQGRQORDGWRUTXHV
7KH PHDVXUHG DQG SUHGLFWHG /65 DQG +65 VWDWLF 0*




DW WKH LQLWLDOSRVLWLRQVLQFH WKHUHODWLYHDQJOHEHWZHHQ+65
DQG/65LV]HURHOHFGHJ,QDGGLWLRQWKH0*WRUTXHIRUWKH
/65 URWRU LQFUHDVHV ZLWK WKH UHODWLYH DQJOH DQG LW UHDFKHV




















7KHRQORDG VWDWLF WRUTXH LV PHDVXUHGXWLOL]LQJ WKH VDPH








E\ VXSSO\LQJ WKH VWDWRU ZLQGLQJV ZLWK '& FXUUHQWV ܫൌܫǡܫൌܫൌെ ?ܫ  WKH SURWRW\SH RQORDG VWDWLF WRUTXH FDQ EH
PHDVXUHG)XUWKHUPRUHLWVKRXOGEHPHQWLRQHGWKDWWRREWDLQ
PD[LPXPRQORDG/65VWDWLFWRUTXHWKHGD[LVRIWKH+65





























PDJQHWLF JHDU ZLWK D 30 PDFKLQH UHVXOWV LQ D QHZ
PDJQHWLFDOO\JHDUHGPDFKLQHZKLFKLVFDSDEOHRIVSOLWWLQJRU
PL[LQJ WKH PDFKLQH LQSXW SRZHUV )XUWKHUPRUH YDULRXV
RSHUDWLQJPRGHVRIWKHSURSRVHGWRSRORJLHVDUHVWXGLHGDQG





FRPSDULVRQV EHWZHHQ 0* DQG 0* VKRZ WKDW
ERWKWRSRORJLHVKDYHVLJQLILFDQWWRUTXHGHQVLW\DWQRORDGDQG
RQORDG FRQGLWLRQV 1HYHUWKHOHVV 0* KDV ORZHU
WRUTXHDQGKLJKHU WRUTXH ULSSOHFRPSDUHG WR0* ,Q
JHQHUDOWKHPDFKLQHSHUIRUPDQFHLQYHVWLJDWLRQVWDWHVWKDWDW
VSHFLILFUHODWLYHDQJOHRIWZRURWRUVWKHWRUTXHSURGXFHGE\
WKH DUPDWXUH FXUUHQW FDQ EH FRQWUROOHG E\ WKH PDFKLQH¶V
FXUUHQW DQJOH ,Q DGGLWLRQ WKH SURSRVHG PDFKLQH KDV EHHQ

























LQWHJUDWHG ZLQG SRZHU JHQHUDWRU XVLQJ WLPH VWHSSLQJ ILQLWHHOHPHQW
PHWKRG´3URJ(OHFWURPDJQ5HVYROSS)HE
>@ / -LDQ DQG . 7 &KDX ³'HVLJQ DQG DQDO\VLV RI D PDJQHWLFJHDUHG
HOHFWURQLFFRQWLQXRXVO\ YDULDEOH WUDQVPLVVLRQ V\VWHP XVLQJ ILQLWH
HOHPHQWPHWKRG´3URJ(OHFWURPDJQ5HVYROSS
-XO\












D[LDO PDJQHWLF JHDUER[ ZLWK DQ HOHFWULF SRZHU RXWSXW SRUW´ WK
$QQXDO ,((( $SS 3RZHU (OHFWURQLFV &RQI ([SR  SS 

>@ 0-RKQVRQ0&*DUGQHUDQG+$7ROL\DW³'HVLJQDQGDQDO\VLVRI




K\EULG HOHFWULF YHKLFOH´ ,((( 9HKLFOH 3RZHU DQG 3URSXOVLRQ &RQI
933&SS
>@ 6 1LX < /LX 6 / +R DQG : 1 )X ³'HYHORSPHQW RI D QRYHO
EUXVKOHVVSRZHUVSOLW WUDQVPLVVLRQV\VWHPIRUZLQGSRZHUJHQHUDWLRQ
DSSOLFDWLRQ´,(((7UDQV0DJQYROQRSS1RY
>@ & 7RQJ = 6RQJ 3 =KHQJ - %DL DQG 4 =KDR ³5HVHDUFK RQ











PDFKLQHV $ QHZ WRSRORJ\ IRU KLJK SHUIRUPDQFH DSSOLFDWLRQV´ ,(7
+\EULG9HKLFOH&RQISS
>@ 4LQIHQ/X+XDQZHQ/L;LDR\DQ+XDQJ<XQ\XH<H³5HVHDUFKRQ
\RNHOHVV GRXEOHVLGHG PXOWLWRRWK IOX[VZLWFKLQJ OLQHDU PRWRU´
&203(/YROQRSS
>@ &RUSRUDWLRQ -0$*  6LPXODWLRQ 7HFKQRORJ\ IRU (OHFWURPHFKDQLFDO
'HVLJQ$YDLODEOHDWKWWSVZZZMPDJLQWHUQDWLRQDOFRP
>@ . $WDOODK 6 ' &DOYHUOH\ DQG ' +RZH ³'HVLJQ DQDO\VLV DQG
UHDOLVDWLRQ RI D KLJKSHUIRUPDQFH PDJQHWLF JHDU´ ,(( 3URF (OHF
3RZHU$SSOYROQRSS0DU




SHUPDQHQWPDJQHW EUXVKOHVV PDFKLQHV IRU LQZKHHO DSSOLFDWLRQV´





>@$'X ;<X DQG -6RQJ ³6WUXFWXUHGHVLJQ IRUSRZHUVSOLW K\EULG



















= 4 =KX 0¶±60¶±)¶
UHFHLYHGWKH%(QJDQG06FGHJUHHV
IURP =KHMLDQJ 8QLYHUVLW\ +DQJ]KRX
&KLQD LQDQGUHVSHFWLYHO\








WKH $FDGHPLF 'LUHFWRU RI 6KHI¿HOG 6LHPHQV :LQG 3RZHU
5HVHDUFK &HQWUH WKH 'LUHFWRU RI 6KHIILHOG &55& (OHFWULF
'ULYHV 7HFKQRORJ\ 5HVHDUFK &HQWUH DQG WKH 'LUHFWRU RI
0LGHD(OHFWULF0DFKLQHVDQG&RQWUROV5HVHDUFK&HQWUH+LV
UHVHDUFK LQWHUHVWV LQFOXGH WKH GHVLJQ DQG FRQWURO RI
SHUPDQHQWPDJQHW PDFKLQHV DQG GULYHV IRU DSSOLFDWLRQV




0RKDPPHG ) .KDWDE UHFHLYHG WKH
%6 GHJUHH IURP 2PDU$OPXNKWDU
2088QLYHUVLW\(O%D\GD/LE\DLQ
 DQG WKH 06 GHJUHH IURP
8QLYHUVLW\ RI 1HZFDVWOH 1HZFDVWOH
XSRQW\QH8.LQDOOLQHOHFWULFDO
DQG HOHFWURQLF HQJLQHHULQJ +H LV
FXUUHQWO\SXUVXLQJ WKH3K'GHJUHH LQ
HOHFWULFDO HQJLQHHULQJ DW 8QLYHUVLW\ RI




+XD<DQJ /L ZDV ERUQ LQ 6KDQ[L
&KLQDLQ+HUHFHLYHGWKH%(QJ
DQG 06F GHJUHHV LQ HOHFWULFDO
HQJLQHHULQJ IURP =KHMLDQJ 8QLYHUVLW\
+DQJ]KRX&KLQDLQDQG+H
LVFXUUHQWO\SXUVXLQJWKH3K'GHJUHH
DW 8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG





06F GHJUHHV LQ HOHFWULFDO DQG
HOHFWURQLF HQJLQHHULQJ IURP +DUELQ
,QVWLWXWHRI7HFKQRORJ\+DUELQ&KLQD
LQ  DQG  UHVSHFWLYHO\ +H LV
FXUUHQWO\ ZRUNLQJ WRZDUG WKH 3K'
GHJUHHLQWKH'HSDUWPHQWRI(OHFWURQLF
DQG (OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\
RI6KHIILHOG6KHIILHOG8.

